Abstract Higher frequencies of pregnancy complications have been reported among women with sickle cell disease (SCD) compared with those without SCD; however, past studies are limited by small sample size, narrow geographic area, and use of hospital discharge data. We compared the prevalence of maternal complications among intrapartum and postpartum women with SCD to those without SCD in a large, geographically diverse sample. Data from the 2004-2010 Truven Health MarketScan Ò Multi-State Medicaid databases were used to assess the prevalence of maternal complications among intrapartum and postpartum women 15-44 years of age with and without SCD whose race was reported as black. The comparison group of women without SCD was further divided into those with chronic conditions associated with multi-organ failure and those without chronic conditions. Multivariable log-binomial regression models were used to calculate adjusted prevalence ratios for outcomes for women with SCD compared with women in the two comparison groups. Of the 335,348 black women with a delivery during 2004-2010, 1,526 had a diagnosis of SCD (0.5 %). Compared with women without SCD who had chronic conditions, women with SCD had higher prevalence of deep vein thrombosis, pulmonary embolism, obstetric shock, pneumonia, sepsis, postpartum infection, and transfusions. SCD was also positively associated with acute renal failure, cerebrovascular disorder, respiratory distress syndrome, eclampsia, postpartum hemorrhage, preterm birth, and ventilation when compared with women without SCD and chronic conditions. Overall, women with SCD have increased prevalence of pregnancy complications, even when compared with a group of women with similar risk for multi-organ failure.
Introduction
Sickle cell disease (SCD) is an inherited hemoglobinopathy that affects approximately 80,000-100,000 Americans in the US, with the majority of cases among African Americans [1] [2] [3] . The primary manifestations of SCD are chronic hemolytic anemia and pain crises due to vaso-occlusion [4, 5] . Repeated vaso-occlusive crises can affect multiple organ systems, and individuals with SCD have increased risk of stroke, renal dysfunction, pulmonary hypertension, retinal disease, and avascular necrosis [3, 5, 6] . In women with SCD, the underlying anemia and multi-organ dysfunction can complicate pregnancy, by affecting the cardiovascular, renal, hematologic, and respiratory systems [4, 7] . Improvements in medical care and treatment for individuals with SCD coupled with advancements in neonatal care have contributed to a decline in morbidity and mortality associated with pregnancy among those with SCD; however, the physiological changes in pregnancy still carry important clinical risk for some patients with SCD [8] .
While most studies of SCD and pregnancy outcomes are limited by small sample size and restricted geographic area, two large, population based studies have assessed a variety of maternal and infant outcomes associated with SCD. Barfield et al. conducted a retrospective cohort study of women of African descent who resided in Massachusetts with a live birth or fetal death recorded during 1998-2006 [9] . The authors reported that women with SCD had a higher prevalence of preeclampsia, lung disease, and heart disease during the antenatal, delivery or postpartum periods compared with women without hemoglobinopathies. In addition, the odds of fetal death, preterm birth, low birth weight, and cesarean delivery were higher for women with SCD compared with women with no reported hemoglobinopathies after adjusting for maternal age, education, parity, plurality, insurance status at delivery, prenatal care utilization, smoking and infant gender. Using a nationally representative sample of pregnancy-related discharges during 2000-2003, Villers et al. assessed pregnancy-related complications and comorbidities for deliveries with and without a SCD diagnosis. Compared with deliveries without a SCD diagnosis, those with SCD were more likely to have cerebral vein thrombosis, deep vein thrombosis, pneumonia, sepsis, cesarean delivery, preterm labor, and fetal growth restriction [10] . These studies provide important information on perinatal outcomes for women with SCD; however, the former study included women from only one state and the latter study could not assess the influence of multiple hospitalizations by the same woman during the study period on the results of the study. In addition, neither study included information on complications diagnosed in the outpatient setting.
Given the limited literature on perinatal outcomes for women with SCD, and the potential impact of additional improvements in modern obstetric care and treatment for SCD, there remains a substantial need for additional studies of pregnancy-associated complications and outcomes for women with SCD. The primary aim of this study was to use a longitudinally linked, multi-state health insurance claims database to assess the prevalence of maternal complications during the intrapartum and postpartum periods for a cohort of women with and without SCD.
Methods
The data used for this analysis were obtained from the [2004] [2005] [2006] [2007] [2008] [2009] [2010] [12] . Records were excluded if the diagnosis contained codes or procedures for hydatidiform mole, ectopic pregnancy, other abnormal products of conception, or abortion (ICD-9-CM codes 630, 631, 632, 633.x, 634.x-638.x, 639.x, 69.01, 69.51, 74.91, or 75.0). If more than one delivery occurred during the study period, data from the first delivery only was used for the analysis. The postpartum period was defined as the first 8 weeks after the index delivery hospitalization. In order to allow for 8 weeks of follow up for all women, deliveries occurring after October 31, 2010 were excluded from the analysis.
Sickle cell disease was identified by the presence of an ICD-9-CM code for SCD (282.41, 282.42, or 280.60-282.69) recorded in any position during an inpatient (15 diagnostic fields available) or outpatient (2 diagnostic fields available) encounter occurring between 2004 and 2010. All inpatient SCD diagnoses were considered valid. Diagnoses noted on outpatient claims without a corresponding inpatient diagnosis were included only if the diagnosis was listed on more than 1 claim at least 30 days apart. The analysis was further restricted to women whose race was reported as black due to comparatively low prevalence of SCD in US non-black populations [1, 2] .
The comparison group of black women without SCD was categorized into two mutually exclusive populations characterized by the presence or absence of selected chronic conditions. The chronic conditions were chosen based on their association with multi-organ failure, with the assumption that such conditions may present similar risks as SCD for the pregnancy outcomes assessed in this study [13] . Thus, by creating a comparison group with similarly increased prevalence of organ damage, we could theoretically more effectively assess the additional risks for maternal complications that may be due to SCD and not attributable to the effects of multi-organ failure. The chronic conditions were identified by ICD-9-CM codes and included type 1 diabetes, essential hypertension, pulmonary hypertension, congenital heart defects, cardiomyopathy, systemic lupus erythematous, viral hepatitis (B and C), epilepsy, and hypothyroidism (see ''Appendix''). Because these conditions can affect multiple organ systems, we did not group them according to organ system. The first comparison group (CC?) was composed of women with any of the selected conditions reported during any inpatient or outpatient encounter prior to the delivery admission or during the postpartum period. As before, diagnoses based on outpatient claims alone were included only if present on more than one claim and the interval between claims was C30 days. The other comparison group (CC-) was composed of women without any of the aforementioned chronic conditions reported in their claims data. Women with other types of hemoglobinopathies, including thalassemia (282.49) and unspecified hemoglobinopathies (282.7), were excluded from both comparison groups. ICD-9-CM codes were also used to identify maternal complications that were categorized as medical, obstetrical and infectious; these complications and selected procedures (see ''Appendix'') were included if reported during an emergency room visit, the index hospitalization, any postpartum hospitalization, or any outpatient postpartum encounter for women with and without SCD. The complications were not mutually exclusive; thus, women could have more than one complication reported. Maternal age at delivery was derived from the inpatient claim associated with the delivery hospitalization. Plurality (651.x or V27.2-V27.7) and smoking (305.1 or 649.0) were ascertained during any inpatient or outpatient encounter in the 40 weeks prior to the delivery hospitalization. As before, C1 claim noted C30 days apart was required for outpatient diagnoses.
All analyses were conducted using SAS 9.2 (Cary, NC). Two-tailed Chi square tests or t-tests were used to compare the distribution of maternal characteristics and complications among black women with SCD and the two comparison groups of black women without SCD. Multivariable log-binomial regression models were used to calculate prevalence ratios for maternal complications for women with SCD compared with the CC? and CCcomparison groups, after adjusting for maternal age at delivery, plurality and smoking B40 weeks prior to the delivery hospitalization.
Results
From 2004 to 2010, there were 335,348 Medicaid-enrolled women whose race was reported as black and who had a delivery admission; of those, 1,526 (0.5 %) had a diagnosis of SCD. Among black women without SCD (n = 333,822), 6.6 % had one or more chronic conditions associated with multi-organ failure. Overall, women with SCD tended to be younger than those without SCD, but the difference was more pronounced among those with chronic conditions (Table 1) . Approximately 3 % of women with SCD had a multiple birth compared with about 2 % of women in either comparison group. The prevalence of tobacco use was similar between women with SCD and those in the CC? group (5 %) but was lower for women in the CC-group (3.5 %). The mean length of stay during the delivery hospitalization of 4.7 days for women with SCD was significantly longer compared with 4.1 and 2.9 days for women in the CC? and CC-groups, respectively. Table 2 depicts the prevalence of maternal complications during the intrapartum and postpartum period for women with SCD and those without SCD. Compared with the CC? group, women with SCD had significantly higher frequencies of deep vein thrombosis, pulmonary embolism, obstetric shock, eclampsia, and major perineal laceration. With the exception of pyelonephritis, the prevalence of all infectious conditions was higher among women with SCD than among women in the CC? group. Approximately 13 % of women with SCD had a transfusion during the intrapartum or postpartum period, compared with 2 % of CC? women. Women in the CC? comparison group had a higher prevalence of cesarean delivery (48.3 %) than women with SCD (43.3 %) and a lower prevalence of operative vaginal delivery (18.5 % vs. 24.0 %). Compared with the CC-group, women with SCD had significantly higher prevalence for all outcomes assessed except placental abruption, uterine atony, premature rupture of membranes, major perineal laceration and obstetric trauma.
With the exception of cesarean delivery, all associations noted in the bivariate analysis remained statistically significant after adjusting for maternal age, plurality, and tobacco use. For example, women with SCD were at least twice as likely to be diagnosed with deep vein thrombosis or pulmonary embolism during the intrapartum or postpartum period compared with women in the CC? group (Table 3) . No differences between women with SCD and women in the CC? group were found in the prevalence of acute renal failure, cerebrovascular disorder, or respiratory distress. Compared with the CC? group, women with SCD had significantly higher prevalence of obstetric shock (aPR 2.67, 95 % CI were also higher among women with SCD than their counterparts without chronic conditions. Regardless of comparison group, SCD was not significantly associated with placental abruption, uterine atony, premature rupture of membranes, and obstetric trauma.
Discussion
Using data from a large, multi-state sample of Medicaidenrolled women, we found that black women with SCD are more likely to have medical, obstetric, and infectious complications during the intrapartum and postpartum period than black women without SCD. Furthermore, the prevalence of several adverse maternal outcomes remained elevated even when compared with a group of women without SCD but with similar risk for multi-organ failure. Although other studies have assessed pregnancy complications associated with SCD, the present study is novel in at least two respects: first, pregnancy outcomes for US women with SCD were compared to those experienced by a group of women likely to be comparably affected by multi-organ failure; and second, the study included complications diagnosed in both the inpatient and outpatient setting.
Overall, our findings confirm those of previous studies [9, 10, 14] and provide further insight into the maternal risks associated with SCD in pregnancy. For example, we found that renal failure, lung disease, eclampsia, and preterm birth were more common among women with SCD, but only when compared with black women without SCD and without chronic conditions. This finding suggests that multi-organ failure associated with SCD may explain the elevated risks for these conditions in women with SCD when compared with the general population of women without SCD, as documented in previous studies [9, 10] . In addition, our finding that black women with SCD have significantly higher prevalence of deep vein thrombosis (DVT) and pulmonary embolism (PE), regardless of the comparison group, suggests that the association between thromboembolic events and SCD may be independent of the processes related to organ damage. Recently, blood transfusion has been recognized as a potential risk factor for venous thromboembolism [15] and may explain these results, given the high rate of blood transfusions among women with SCD. Thrombosis has also been identified as an important complication of SCD in pregnancy [10, 16] and may be attributable to the hypercoagulable state of those with SCD [17] . Consistent with other studies of SCD [18] and sickle cell trait [19] , we found that the risk ratio for pulmonary embolism among women with SCD was higher than the risk ratio for DVT, when compared with women without SCD and without chronic conditions. However, when compared with the chronic conditions group, women with SCD were approximately twice as likely to have either DVT or PE. The preponderance of PE in relation to DVT among women with SCD compared with the general population of women without SCD may reflect the underlying physiological changes associated with SCD which can be manifested by widespread microvascular obstruction leading to interruption of normal perfusion and function of organs such as the lungs [8] . However, when compared SCD sickle cell disease, CC chronic conditions (diabetes, pulmonary hypertension, essential hypertension, congenital heart defects, cardiomyopathy, lupus, viral hepatitis, epilepsy and hypothyroidism) p value for Chi square test of distribution of variable in SCD group versus distribution in non-SCD group a ''CC?'' denotes women without SCD who had report of a chronic condition any time prior to delivery with women with similar risk for organ damage, we found that the risk for DVT and PE was comparable, suggesting that the effects of hypercoagulability are not substantially different for the lungs in comparison with other regions of the body.
Similar to previous studies, we also found an increase in the prevalence of nearly all infectious complications among women with SCD when compared to their counterparts without SCD. This phenomenon is likely due to the reduced humoral immune response secondary to functional or surgical asplenism which predisposes people with SCD to encapsulated bacterial infections [20] . Interestingly, we did not find a significant difference in the prevalence of pyelonephritis among women with SCD when compared with women in the CC? group. This finding may be explained by the renal dysfunction seen in women with SCD and in many of the chronic conditions in the comparison group which may result in a similarly increased prevalence of pyelonephritis.
The present study was subject to several limitations. First, it is likely that some misclassification according to SCD status was present, despite using data from multiple years to ascertain SCD diagnoses. Furthermore, we were unable to assess differences in maternal complications according to SCD genotype because this information cannot be reliably detected using ICD-9-CM codes. Variations in the risk of adverse pregnancy outcomes according to SCD genotype have been reported with lower frequencies of maternal and fetal complications among women with HbSC disease than women with homozygous HbSS [7, 14] . The implication of this limitation is that the prevalence of complications for certain subgroups may be overestimated or underestimated. Next, because ICD-9-CM codes were also used to ascertain chronic conditions and maternal outcomes, these indicators may have also been affected by inaccurate coding. While the validity of code-based obstetric diagnoses in discharge databases is variable, findings from a recent study indicated that specificity for nearly all pregnancy related comorbidities was 98 % or greater and false negative errors occurred with a higher frequency than false positives [21] . Therefore, the associations reported herein may understate or overstate the true association.
Also, because the distribution of age for women without SCD who had chronic conditions was skewed toward older ages compared with women with SCD, it is possible that the effect measures were modified by age when comparing the prevalence of maternal complications for these two groups of women. When age was included as an interaction term in the adjusted models, no statistically significant evidence of interaction was observed; however, small sample size precluded the meaningful interpretation of some models.
Finally, because the data include only those women enrolled in Medicaid, our findings may not be representative of privately insured or uninsured women with SCD. Although studies have shown that inpatient hospital, outpatient hospital, or emergency department visits did not differ significantly between a national sample of privately insured and Medicaid-enrolled adults after controlling for health status and other factors [22] , higher rates of health services utilization have been reported for Medicaidenrolled children with SCD compared their privately insured counterparts [23] . We were also unable to identify the states from which the Medicaid sample was drawn and, therefore, could not assess the effects of regional variations in the management and treatment of SCD or pregnancy.
While advances in obstetric care and the treatment of SCD have contributed to significant declines in maternal and perinatal mortality rates, women with SCD continue to have increased risk for pregnancy complications compared with those without SCD. Moreover, having SCD may confer additional risks for adverse maternal outcomes beyond those typically associated with multi-organ failure. Therefore, efforts must be made by both clinical and public health providers to improve pregnancy outcome for women with SCD. Targeted preconception health interventions such as enhanced screening for chronic disease complications, reviewing and updating immunization status, genetic counseling, smoking cessation, and optimizing hemoglobin and hematocrit levels prior to pregnancy would provide opportunities to improve pregnancy outcomes for women with SCD.
In addition, the National Heart, Lung, and Blood Institute (NHLBI)'s Division of Blood Diseases and Resources and the Centers for Disease Control and Prevention's Division of Blood Disorders formed an interagency agreement to improve the ability to identify and registerwith permission-every person in the United States who has a hemoglobinopathy, in an effort to determine where best to focus research and education efforts. The NHLBI is also developing guidelines for medical professionals treating people who have SCD. These guidelines, in combination with the national registry, will provide better information on how to advance the quality of life for those with SCD and thus improve their pregnancy outcomes [24] .
Appendix
See Table 4 . 
